Abstract -A Fault detection and isolation (FDI) scheme for discrete time-delay system is proposed, which can not only detect but also isolate the faults. A time delay operator ∇ is introduced to deal with time-delay items. Residuals in the form of parity space can be deduced from the recursion of the system equations. Further more, a generalized residual set is created using the freedom of the parity space redundancy. Thus, both fault detection and fault isolation have been accomplished. The proposed method has been verified by a numerical example.
I. INTRODUCTION
In recent years, fault detection and isolation (FDI) problem in dynamitic system has been paid more and more attention. A great number of methods for FDI have been proposed [1] [2] [3] [4] [5] . All of the FDI schemes are concerned with a core stage: the generation of the residual signals. The difference between the measurement of the system and its estimation is called residual, whose values are zero or near to zero when no fault occurs while differ distinctly from zero otherwise. Appropriate decisions such as the occurrence, magnification, type, location, etc. of the faults are called fault isolation, which are achieved by residual evaluation.
In the field of analytical model-based FDI techniques, the analytical redundancy relations of the system are used to create residual signal. The approaches can be roughly classified into observer-based approaches and parameter estimation approaches. Parity space approaches have been proved to be structurally equivalent to the observer-based though the design procedures differ [6] . However, the parity space methodology using the temporal redundancy has its advantages, especially in the discrete system. This method was firstly generalized by the Ref. [5] .
Time delays are inherent in many real physical processes (i.e. mechanical and chemical processes, long transmission lines in pneumatic systems, power and water distribution networks, air pollution systems etc.) Over the past two decades, analysis and synthesis of dynamic time-delay systems have attracted a great deal of interests [7, 8] . However, there are relative fewer research results on FDI of time-delay systems [9, 10] . This paper proposes a method to deal with the FDI problem for the linear discrete-time systems with delays. The results in Ref. [9] are extended. Both fault detection and fault isolation method are proposed. The occurrence of the fault can be detected timely and the position of the fault can be located exactly. A numerical example is given to illustrate the design method at the end.
II. MATHEMATICAL PRELIMINARIES
A time delay operator ∇ is defined according to Ref. [9] .
Consider a linear discrete time-delay system described by 
where ( )
stands for the actuator Using the operator ∇ , the system (1) can be developed as III. PARITY SPACE RESIDUAL GENERATION FOR FAULT DETECTION The task of FDI is to design a residual signal which is zero in a fault free case and non-zero when a fault occurs in the monitored system. Time delay implies that the state of the system for the next time step is not only determined by the current state and the current input signals but also concerned with the state and input signals of the former L step time intervals. The recursion of (2) from time instant k L − to time instant k yields ( )
,
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Equation (4) can be simplified as
According to Ref. [5] , a residual signal (parity signal) can be defined as:
W is chosen to satisfy the follow equation: ( ) 0 ∇ = WG (7) Therefore, the residual r is independent of the system operating state (
. Now, it is obviously that r is zero when the system (1) works normally ( ( ) 0 k = f ) and may differ from zero when fault occurs ( ( ) 0 k ≠ f ). The successful detection of a fault is followed by the fault isolation procedure which will distinguish (isolate) a particular fault from others. While a single residual signal is sufficient to detect faults, a set of residuals (or a vector of residual) is usually required for fault isolation. According to Ref. [2] , a commonly used scheme in designing the residual set is to make each residual sensitive to all but one fault, i.e. ( , , ) ( , , , , , )
Where ( ) R ⋅ denotes some functional relation, which works as the residual generator. This is defined as a generalized structured residual set. The isolation can be performed by the following logic:
where i th means the fault isolation threshold to the corresponding fault.
IV. NUMERICAL EXAMPLE
Consider a time delay system of the form (l), with 
Using the approach presented in the previous sections, the above system can be transform into the form of (2). The system has three actuators. In order to achieve fault detection and isolation, a generalized residual set consists in three residual signals should be created as show in Fig.1 . Fig. 1 Generalized residual set In Fig.1, i f stands for the ith actuator fault, and it directly impacts the input signal i u . In order to locate which actuator has fault, i r should be independent with i u . This can be realized by choose a properW . It should be noted that there are more than one W which satisfies (7). The freedom of W can be used to design the three residual generators. W can be got by solving (7). 
, , k k k R ∈ " W is a 9 dimensions vector with 6 freedoms. Using (6), r can be generated. 
where 1 6 , , c c " are polynomials concerned with 1 6 , , k k " and ∇ . Let To investigate the applicability of the approach, the follow fault f is imposed on the system. 
It means that actuator 1 and actuator 2 have no faults, while actuator 3 goes wrong after 100 second. It is assumed that the system is corrupted by white noise. The fault isolation threshold is not zero, and it can be determined by the norm of the noise. The result of the simulation is show in Fig.2 . As is shown in Fig.2d, 1 r and 2 r differ from zero after 100 second obviously while 3 r is near to zero still. It is evident that the approach works well.
IV. CONCLUSION S
A fault detection and isolation scheme for discrete timedelay system has been proposed. The scheme can not only detect the faults but also isolate (locate) the faults. To fulfill the FDI, a generalized residual set in form of parity space is designed by the recursion of the system equations. Each residual corresponds to an actuator fault. The actuator with fault can be isolated from the normal ones exactly. A time delay operator is used to deal with the problem brought by the time-delay system. The effectiveness of the proposed method has been verified by a numerical example. However, further studies are required which include the follow aspects:
1) To determine an optimal recursion step L . Such that the residuals can obtain a certain freedom to complete fault isolation, while the computation is minimized. 2) To extend the fault isolation result in this paper. The sensor faults and the actuator faults should be discerned. 3) To enhance the reliability and robust performance of the FDI system.
